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(54) Non contact type ic card and system and data transmission method therefor 



(57) There is proposed a data transmission method 
for a non-contact type IC card system comprising a non- 
contact type IC card including a rectifying and voltage 
control circuit for rectifying an alternating current ob- 
tained through an antenna means to attain a desired op- 
erating voltage and performing PSK- and FSK-modula- 
tions, and further comprising a reader writer for perform- 



ing transmission and reception of data to and from said 
IC card, wherein said operating voltage is made stable 
in said IC card in such a way that, after data transmission 
from said reader writer to said IC card, the supply of a 
radio wave from said reader writer to said IC card is con- 
tinuously conducted while data transmission from said 
IC card to said reader writer continues. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a non-contact 
type IC card for carrying out the data transmission and 
reception through a radio wave or the like, a non-contact 
type IC card system including the same IC card, and a 
data transmission method therefor. 

DESCRIPTION OF THE RELATED ART 

[0002] Fig. 1 5 is a block diagram schematically show- 
ing an arrangement of a known non-contact type IC card 
system. In Fig. 15, the system is shown as comprising 
a non-contact type IC card (which will hereinafter be re- 
ferred to as a card) 1, a reader writer unit (which will 
hereinafter be referred to as an R/W) 2 for the data trans- 
mission and reception through a radio wave to and from 
the card 1, and a host computer 3 coupled through a 
cable C (wire-based signal transmission and reception 
system) to the R/W 2 for control. 
[0003] The card 1 is composed of an antenna 4 for 
transmission and reception, a modulating circuit 5 for 
the modulation of the transmission data, a demodulating 
circuit 6 for the demodulation of the received data, a rec- 
tification and voltage control circuit 7 for rectifying an 
alternating current signal from the transmission and re- 
ception antennas 4 and further for regulating the recti- 
fied signal to a desired operating voltage which in turn, 
is supplied to the respective sections, and an E 2 PROM 
9 for storage of programs and data. Also included in the 
card 1 is a control section 8 comprising a CPU (not 
shown), a memory (not shown) for storing programs for 
operating the CPU, and others. 
[0004] Further, the R/W 2 includes a transmission and 
reception antenna 21 , a modulation and demodulation 
circuit 22 for the modulation of the data being transmit- 
ted and the demodulation of the received data, and a 
control section for controlling the data transmission. An 
R/W 2 side CPU and a program for the operation of the 
CPU are provided in the control section 23 or the host 
computer 3. For this reason, the R/W 2 and the host 
computer 3 can be considered as one unit, which is 
sometimes generally called an R/W. 
[0005] In operation, the card 1 and the R/W 2 are not 
in electrically connecting relation to each other through 
a cable or the like, but the transmission and reception 
of the data therebetween are accomplished through a 
radio wave EM. The R/W 2 comes into connection with 
the host computer 3 through the cable C to be operable 
under control of the host computer 3. 
[0006] Recently, there has been known a product 
which rectifying a radio wave from the R/W 2 within the 
card 1 forthe generation of an operating voltage. In this 
instance, the card 1 incorporates the rectifying and volt- 



age control circuit 7, and accepts, through the transmis- 
sion and reception antenna 4, a radio wave from an ex- 
ternal unit such as the R/W 2 so that the rectifying and 
voltage control circuit 7 produces a desired operating 

5 voltage to supply a power to the respective internal cir- 
cuits (functional blocks), thus operating the card 1 . 
[0007] In the card 1 , the reception of the data from the 
R/W 2 is conducted with the transmission and reception 
antenna 4 and the received data is demodulated in the 

10 demodulating circuit 6 and then inputted into the control 
section 8. The control section 8 decodes the data from 
the R/W 2 and implements an operation in accordance 
with the decoded results. 

[0008] For example, when an ID code is outputted to 

15 the external, the ID code stored in advance in the 
E 2 PROM 9 serving as a data memory is modulated in 
the modulating circuit 5 and transmitted through the 
transmission and reception antenna 4 to the R/W 2 in 
the form of the radio wave EM . On the other hand, when 

20 the data is written in the card 1 , the data is written into 
the E 2 P ROM 9 under the control of the control section 8. 
[0009] In the R/W 2, underthe control of the host com- 
puter 3 coupled thereto, the control section 23 controls 
the modulation and demodulation circuit 22 forthe trans- 

25 mission and reception of the data. The modulation and 
demodulation circuit 22 combines a modulation circuit 
and a demodulation circuit, and the data transmission 
is accomplished through the modulation and demodu- 
lation circuit 22 from the transmission and- reception an- 

30 tenna 21 in both the data transmission and reception. 
[0010] In addition, as shown in Fig. 16, as the typical 
data modulating method, there have been known the fol- 
lowing three methods. That is, the first is the ASK (Am- 
plitude Shift Keying) modulation where the data "1/0" 

35 are made to correspond with two kinds of amplitudes, 
the second is the FSK (Frequency Shift Keying) modu- 
lation where the data "I/O" are made to correspond with 
two kinds of frequencies, and the third is the PSK (Phase 
Shift Keying) modulation where the data "1/0" are made 

40 to correspond with the presence and absence of the 
phase variation of the radio wave. 
[0011] Known non-contact type IC cards can gener- 
ally deal with only one of the aforesaid modulation meth- 
ods. For instance, a communication unit which performs 

45 the data transmission and reception in accordance with 
the FSK modulation method has been disclosed in the 
Japanese Published Unexamined Patent Application 
No. 5-210768, and this prior art can realize the data 
transmission and reception on the basis of the FSK 

so modulation while not realizing the data transmission and 
reception on the basis of the other modulations. Further, 
the Japanese Published Unexamined Patent Applica- 
tion No. 5-143792 discloses a method of transmitting 
both the data and power through radio waves. However, 

55 as well as the first-mentioned prior art, this prior art 
adopts the ASK modulation method and therefore can 
not accommodate the other modulation methods. 
[0012] As described above, the known non-contact 
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type IC cards can generally accepts only one of the 
aforesaid modulation methods, for that the circuit ar- 
rangement is different at every modulation method and, 
for accommodating a plurality of modulation methods, 
the circuit arrangement becomes complicated and large 5 
in size. That is, difficulty is experienced to independently 
place plural kinds of modulation circuits within the size- 
limited card, and hence this arrangement has not been 
realized heretofore. Forthis reason, the known non-con- 
tact type IC card is limited in use to a system having the 
same modulation method as that of the IC card so that 
there is a problem that limitation is imposed on the use 
range. 

SUMMARY OF THE INVENTION 

[0013] The present Invention has been developed in 
order to eliminate the above-mentioned problems, and 
it is therefore an object of the present invention to pro- 
vide a non-contact type IC card which is capable of the 
data transmission based on a plural kinds of modulation 
methods and a system including this card. 
[0014] Another object of this invention is to provide a 
data transmission method with a higher reliability for a 
non-contact IC card system. 

[001 5] In accordance with a first aspect of this inven- 
tion, there is provided a non-contact type IC card using 
a radio wave as a communication medium, comprising 
antenna means for transmission and reception of data, 
modulation means for modulating a transmission data 
in accordance with PSK- and FSK-modulation methods 
by switching a resonance frequency of the antenna 
meanstosuitthetransmissiondata, PSK/FSK switching 
means for performing a switching operation so that the 
modulating means conducts one of the PSK- and FSK- 
modulations, demodulation means for demodulating da- 
ta received by the antenna means, and control means 
for controlling the aforesaid means. 
[0016] According to the first aspect of this invention, 
the non-contact type IC card is equipped with a simple 
circuit comprising a resonance frequency switching sec- 
tion for switching the resonance frequency of the anten- 
na means and a modulation circuit for driving the switch- 
ing section, and a PFSEL switch of the modulation cir- 
cuit is only coupled to the VDD or GND. Thus, one card 
can select one of the PSK modulation and the FSK mod- 
ulation and further is applicable in a wide range. 
[0017] In accordance with a second aspect of this in- 
vention, in the first aspect the modulation means further 
comprises a first modulating section for performing the 
PSK- and FSK-modulations at a first modulating timing, 
a second modulating section for performing the PSK- 
and FSK-modulations at a second modulating timing, 
and modulation timing switching means for changing the 
modulation timing by switching a circuit between the first 
and second modulating sections. 
[0018] In the non-contact type IC card according to 
the second aspect of this invention, the modulation 



method is selectable (can be selected) between the 
PSK modulation and the FSK modulation, and the mod- 
ulation timing for the data being transmitted is switcha- 
bie (can be switched) between a modulation timing at 
which the modulation is accomplished in response to the 
inversion of the transmission data "0/1" and a modula- 
tion timing at which the modulation is always accom- 
plished, for example, when the data being transmitted 
is "0", thus permitting the card to deal with more data 
communication specifications. 
[0019] In accordance with a third aspect of this inven- 
tion, a non-contact type IC card system comprises a 
non-contact type I C card having the aforementioned first 
and second aspects and a reader writer including an- 
tenna means for performing transmission and reception 
of data to and from the IC card, modulation and demod- 
ulation means for carrying out modulation and demod- 
ulation of data transmitted and received through the an- 
tenna means, and control means for controlling the 
aforesaid means. 

[0020] In the non-contact IC card system according to 
the third aspect of this invention, the modulation method 
in the card is selectable from the PSK modulation meth- 
od and the FSK modulation method, besides the mod- 
ulation timing of the data being transmitted is arranged 
to be switchable in some type of the card, with the result 
that the relationship between the R/W and the card be- 
comes more flexible to realize a system more expand- 
able in the card application range. 
[0021] In accordance with a fourth aspect of this in- 
vention, in the reader writer of the third aspect, the an- 
tenna means comprises an antenna for data transmis- 
sion and an antenna for data reception which are sep- 
arately provided. 

[0022] In the non-contact IC card system according to 
the fourth aspect of this invention, the antenna means 
is divided into the transmission antenna and the recep- 
tion antenna to offer two kinds of antenna characteristics 
for the transmission and the reception, by which ar- 
rangement the transmission antenna can retain the an- 
tenna characteristic developing a transmission power 
while the reception antenna can have an antenna sen- 
sitivity subject to a weak or faint radio wave, which can 
realize a non-contact type IC card system capable of the 
data transmission and reception accomplishing a long 
communication distance. 

[0023] In accordance with a fifth aspect of this inven- 
tion, in the third or fourth aspect the reader writer em- 
ploys the PSK modulation at data transmission and the 
non-contact type IC card employs the FSK modulation 
at data transmission. 

[0024] In the non-contact type IC card system accord- 
ing to the fifth aspect of this invention, the data trans- 
mission from the R/W to the card is implemented on the 
basis of the PSK modulation, whereas the data trans- 
mission from the card to the R/W is achieved on the ba- 
sis of the FSK modulation. With this arrangement, since 
there is no need for a complicated demodulating circuit 
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for the FSK modulation to be incorporated in the card, 
the demodulating circuit within the card is designed to 
correspond with the PSK modulation, with the resultthat 
the size reduction and price reduction of the card be- 
comes possible. In addition, since the R/W side carries 
out the demodulation for the FSK modulation, a non- 
contact type IC card system can be realized so that even 
a radio wave with a higher frequency is receivable. 
[0025] I n accordance with a sixth aspect of this inven- 
tion, there is provided a data transmission method for a 
non-contact type IC card system comprising the non- 
contact type IC card of the first or second aspect includ- 
ing a rectifying and voltage control circuit for rectifying 
an alternating current obtained through the antenna to 
attain a desired operating voltage and further compris- 
ing a reader writer for performing transmission and re- 
ception of data to and from the card, wherein the oper- 
ating voltage is made stable in the card in such a way 
that the supply of the radio wave from the reader writer 
to the card is continuously conducted even during the 
data transmission from the card to the reader writer after 
the data transmission from the reader writer to the card. 
[0026] In the data transmission method according to 
the sixth aspect of this invention, after the data trans- 
mission from the R/W to the card is completed, the sup- 
ply of the radio wave to the card is also maintained dur- 
ing the data transmission from the card to the R/W so 
that the operating voltage VDD for the card is always 
stable, with the result that the data transmission and re- 
ception becomes continuously possible, which can re- 
alize a high-speed and high-reliability data communica- 
tion. 

[0027] Furthermore, in accordance with a seventh as- 
pect of this invention , there is provided a data transmis- 
sion method for a non-contact type IC card system com- 
prising the non-contact type IC card of the first or second 
aspect and a reader writer for performing transmission 
and reception of data to and from the card, wherein in 
the reader writer the reception of a weak radio wave 
from the card is made easy in such a way that the supply 
of a radio wave from the reader writer to the card is 
stopped after the data transmission from the reader writ- 
er to the card. 

[0028] The data transmission method according to 
the seventh aspect of this invention is particularly effec- 
tive to a system where the data transmission power from 
the R/W needs to be large because of a long distance 
between the R/W and the card or to a system where the 
transmission power from the card is weak for a long dis- 
tance. After the data transmission from the R/W to the 
card, the transmission power from the R/W is stopped 
during the data transmission from the card to the R/W, 
thus realizing a data transmission method in which the 
weak radio wave from the card to the R/W is easily re- 
ceivable in the R/W side. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The object and features of the present inven- 
tion will become more readily apparent from the follow- 
s ing detailed description of the preferred embodiments 
taken in conjunction with the accompanying drawings in 
which: 

Fig. 1 is a block diagram showing an arrangement 
10 of a non-contact type IC card according to an em- 
bodiment of this invention; 
Fig. 2 is an illustration of arrangements of a trans- 
mission and reception antenna, a resonance fre- 
quency switching section and a modulation circuit 
*5 of the Fig. 1 card; 

Fig. 3 is an illustration of one example of the mod- 
ulation circuit in Fig. 1; 

Figs. 4A and 4B are time charts available for de- 
scription of an operation of the Fig.3 modulation cir- 

20 cuit; 

Fig. 5 is a block diagram showing an arrangement 
of a non-contact type IC card according another em- 
bodiment of this invention; 
Fig. 6 is an illustration of one example of the Fig. 5 

25 modulation circuit; 

Fig. 7 is a time chart useful for explanation of an 
operation of the Fig. 6 modulation circuit; 
Fig. 8 is a block diagram showing an arrangement 
of a non-contact type IC card system according to 

30 a further embodiment of this invention; 

Fig. 9 is a block diagram showing an arrangement 
of a non-contact type IC card system according to 
a still further embodiment of this invention; 
Fig. 1 0 is a block diagram showing an arrangement 

35 of a non-contact type IC card system according to 
a still further embodiment of this invention; 
Fig. 11 is a block diagram showing one example of 
a system which carries out a data transmission 
method according to an embodiment of this inven- 

40 tion; 

Fig. 12 is an illustration of waveforms useful for ex- 
plaining an operation of the Fig. 11 system; 
Fig. 1 3 is a block diagram showing one example of 
a system which carries out a data transmission 

45 method according to a different embodiment of this 
invention; 

Fig. 14 is an illustration of waveforms available for 
description of an operation of the Fig. 13 system; 
Fig. 15 is a block diagram showing an arrangement 
50 of a known non-contact type IC card system; and 
Fig. 1 6 is an illustration of waveforms useful for de- 
scription of a modulation method for a non-contact 
type IC card. 

55 DETAILED DESCRIPTION OF THE INVENTION 



[0030] Referring now to the drawings, a description 
will be made hereinbelow of embodiments of the present 
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invention. 

First Embodiment 

[0031] Fig. 1 is a block diagram showing an arrange- 
ment of a non-contact type IC card according to an em- 
bodiment of this invention. In this non-contact type |C 
card (which will hereinafter be referred to as a card) 1 0, 
the modulation method at data transmission is selecta- 
ble from two kinds of modulations: the PSK modulation 
and FSK modulation with a simple circuit arrangement. 
[0032] In Fig. 1 , the card 1 0 is shown as comprising 
a transmission and reception antenna 4, a resonance 
frequency switching section 40 for switching the reso- 
nance frequency of the transmission and reception an- 
tenna 4, a modulation circuit 50 for driving the reso- 
nance frequency switching-section 40 to switch the res- 
onance frequency to match a data being transmitted so 
that the transmission data is selectively subjected to one 
of the PSK modulation and the FSK modulation, a PF- 
SEL switch 11 for switching between the PSK modula- 
tion and the FSK modulation for the modulation circuit 
50, a demodulation circuit 6, a rectifying and voltage 
control circuit 7, a control section 8 and an E 2 PROM 9. 
[0033] The PFSEL switch 11 has a PFSEL terminal 
coupled to the VDD or the GND to realize the switching 
to the PSK modulation or the FSK modulation. For ex- 
ample, it is provided as a terminal within the card 10, 
and its terminal is connected with the VDD or the GND 
at the manufacturing stage to be provided as a set ter- 
minal, or is constructed as a mechanical change-over 
switch placed on a surface of the card 1 0 or as a switch 
comprising a transistor turning on and off in accordance 
with a command signal from the R/W. 
[0034] Fig. 2 shows arrangements of the transmission 
and reception antenna 4, the resonance frequency 
switching section 40 and the modulation circuit 50 in Fig. 
1 . The resonance frequency f of the transmission and 
reception antenna 4 depends upon the value of a coil L 
and a value of a capacitor C1 and is obtainable as f = 1 
/ {2(VLC1)}. In the ordinary transmission and reception 
antenna, the resonance frequency has conventionally 
been determined by a set of LC for the data transmission 
and reception to and from the external. In this invention, 
for realizing the PSK modulation and FSK modulation, 
the resonance frequency switching section comprising 
a capacitor C2 and switching device Tr1 is provided in 
order to halve the resonance frequency of the transmis- 
sion and reception antenna 4. 

[0035] When the switching device Tr1 made up of a 
transistor is in the "ON" condition, C = C1 + C2, and 
when-the switching device Tr1 is in the "OFF" condition, 
C = C1 . For instance, in a case where the resonance 
frequency is set to f = 400 KHz in a state that the switch- 
ing device Tr1 is in the "OFF" condition, L = 350 p. H and 
C1 =452.3pF In the case that the resonance frequency 
f is set to 200 KHz being 1/2 of 400 KHz, if the switching 
device Tr1 gets into the "ON" state, the C value of the 



resonance circuit becomes C = C1 + C2, and f = 200 
KHz signifies L = 350 \i H and C = 1 .81 nF so that C2 = 
1.358 nF. 

[0036] In this embodiment, the transmission and re- 
5 ception antenna 4 makes up the antenna means, the 
resonance frequency switching section 40 and the mod- 
ulation circuit 50 constitute the modulation means, the 
PFSEL switch 11 composes the PSK/FSK switching 
means, the demodulation circuit 6 organizes the demod- 
10 ulation means, and the control section 8 forms the con- 
trol means. 

[0037] Fig. 3 concretely shows one example. of the 
modulation circuit 50 operative to control the switching 
device Tr1 of the resonance frequency switching section 
is 40, and Figs. 4A and 4B illustrate time charts associated 
with this circuit. In Fig. 3, a carrier signal CAR and a 
transmission data TXD come from the control circuit 8, 
and the modulation is accomplished at the timing de- 
pending upon the carrier signal CAR. An output signal 
A indicated in Fig. 3 is coupled to a gate input terminal 
of the switching device Tr1 shown in Fig. 2. 
[0038] In Fig. 3, reference numeral 501 represents a 
D-type flip-flop for accepting the transmission data TXD 
in a state with using the carrier signal CAR as a clock 
signal, numeral 502 designates a D-type flip-flop for ac- 
cepting the output of the D-type flip-flop 501 in a state 
with using the carrier signal CAR as a clock signal, nu- 
meral 503 depicts a N AND gate for accepting the output 
of the D-type flip-flop 502 and a .PFSEL signal, numeral 
504 denotes a NOR gate for receiving the output of the 
D-type flip-flop 501 and the output of the NAND gate 
503, numeral 505 stands for a circuit comprising an AND 
gate 507 and a NOR gate 508, and numeral 506 signi- 
fies a circuit comprising an AND gate 509 and a NOR 
gate 510. 

[0039] Secondly, a description will be made hereinbe- 
low of an operation of this circuit. The description will 
begins, referring to Fig. 4A, with the PSK modulation 
taken when the PFSEL switch 11 placed in the modula- 
tion circuit 50 is connected with the VDD (power supply 
side). When the transmission data TXD from the control 
section 8 varies from "L"-» "H" or M H U — > "L", the output 
of the modulation circuit 50 represents a signal wave- 
form indicated by A, and when the signal waveform A 
comes into the "H" state, the switching device Tr1 gets 
into the "ON" state. 

[0040] As described before, when the switching de- 
vice Tr1 takes the "ON" state, the resonance frequency 
of the transmission and reception antenna 4 is set to half 
of the resonance frequency for when being in the "OFF" 
state, and hence the output waveform of the transmis- 
sion and reception antenna 4 takes an output waveform 
at both ends of the L as shown in Fig. 4A. That is, in the 
output waveform across the L in Fig. 4A, if the switching 
device Tr1 does not come into the "ON" condition, the 
signal waveform becomes as indicated by a dotted line. 
On the other hand, if the switching device Tr1 gets into 
the "ON" condition, the resonance frequency comes to 
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1/2 during one period with respect to the original fre- 
quency, and thereafter returns to the original resonance 
frequency, thus accomplishing the phase modulation. 
[0041] A secondly, a description will be made herein- 
below of the FSK modulation taken when the PFSEL 
switch 11 is connected with the GND (grounded side) . 
Fig. 4B shows signal waveforms for the connection of 
the PFSEL switch 1 1 with the GND. With the connection 
of the PFSEL switch 11 with the GND, the output signal 
A keeps its signal condition until the state of the signal 
from the transmission data TXD inverts, and hence the 
ON time of the switching device Tr1 is controlled so that 
the output waveform from the resonance circuit of the 
transmission and reception antenna 4 becomes the out- 
put waveform across the L as shown in Fig. 4B, thus 
realizing the frequency modulation. 
[0042] As described above, in the non-contact type IC 
card according to this embodiment, only a simple circuit 
is provided which comprises the resonance frequency 
switching section for switching over the resonance fre- 
quency of the transmission and reception antenna and 
the modulation circuit for actuating the switching section 
and the PFSEL switch of this modulation circuit is con- 
nected with the VDD or the GND, with the result that one 
card can deal with both the PSK and FSK modulation 
methods, which results in realizing a non-contact type 
IC card applicable in a wide application range. 

Second Embodiment 

[0043] Fig. 5 is a block diagram showing an arrange- 
ment of a non-contact type IC card according to another 
embodiment of this invention. This card, designated at 
numeral 10a, can perform the switching between the 
PSK and FSK modulations as well as the aforesaid first 
embodiment and further can alter the timing of the trans- 
mission data modulation. 

[0044] The different points of the card 10a shown in 
Fig. 5 from the Fig. 1 card 10 relate to the arrangement 
of a modulation circuit 51 , which will be mentioned later, 
and the provision of a TXSEL switch 12 for changing 
the-timing of the modulation of the transmission data. 
Although in the above-described first embodiment the 
transmission data modulation is accomplished at the 
time that the "0/1" of the transmission data inverts, the 
card 10a according to this invention permits the modu- 
lation to be implemented when the "0/1 " of the transmis- 
sion data inverts and furtherthe modulation to be always 
conducted when the transmission data is "0/1". The 
switching therebetween is achieved through the TXSEL 
switch 12. 

[0045] One concrete example of the modulation cir- 
cuit 51 in this embodiment is shown in Fig. 6. In Fig. 6, 
a section indicated by character a denotes a circuit 
which carries out the modulation when the "0/1" of the 
transmission data inverts, its arrangement and opera- 
tion being basically similar to those described with ref- 
erence to Fig. 3. A section indicated by character b sig- 



nifies a circuit which always performs the modulation 
when the transmission data is "0", and a section indicat- 
ed by character c is a circuit which serves to selectively 
supply one of the output C of the section a and the output 
5 D of the section b to the resonance frequency switching 
section 40. 

[0046] In the section b of Fig. 6, the arrangement com- 
posed of components 501a to 510a is basically the 
same as that of the section a. Further, in Fig. 6, refer- 
ence numeral 511 represents a NOR gate, numeral 51 2 
designates a circuit comprising an AND gate 513 and a 
NOR gate 514, and numeral 515 denotes a D-type flip- 
flop. The NOT gate 511 accepts as inputs the transmis- 
sion data TXD and the output of the D-type flip-flop 515. 
The circuit 51 2 receives as inputs the transmission data 
TXD, the output of the NOR gate 511 and the output of 
the D-type flip-flop 515. Moreover, the D-type flip flop 
515 accepts as a clock a division signal BPS attained 
by dividing (demultiplying) the carrier signal CAR and 
further accepts as an input the output of the NOR gate 
514, with its output B being supplied to the D-type flip- 
flop 501a. 

[0047] Furthermore, in the section c, components 51 6 
to 518 and a component 519 at the output side are in- 
verters, respectively. In the section c, when the TXSEL 
switch 12 is connected with the VDD (power supply 
side), the output C of the section a is outputted from an 
output terminal indicated by character A, while the out- 
put D of the section b is taken out from the output ter- 
minal A when being connected with the GND (grounded 
side). 

[0048] In this embodiment, in Fig. 6, the section a 
composes the first modulation section, the section b 
constitutes the second modulation section, and the sec- 
tion coupled with the TXSEL switch 12 organize the 
modulation timing switching means. 
[0049] Furthermore, particularly the circuit operation 
of the section b will be described hereinbelow with ref- 
erence to a time chart of Fig. 7. The description will be 
made in terms of the condition that the TXSEL switch 
12 is connected with the GND and the PFSEL switch 11 
is connected with the VDD. A TXEN signal is a data 
transmission allowing signal from the control circuit 8 
and is coupled to a reset input of the D-type flip-flop 515. 
While the TXEN signal gives "0", the output B of the D- 
type flip-flop 515 is fixed to "1", and if the TXEN signal 
turns into "1", it starts to accept the transmission data 
TXD. The division signal BPS is obtainable by dividing 
the carrier signal CAR, and serves as a reference clock 
used in the case of varying the transmission data TXD 
signal. 

[0050] After the reset release of the D-type flip-flop 
515 due to the TXEN signal, when this division signal 
BPS rises, the D-type flip-flow .515 operates so that, in 
correspondence with the variation of the transmission 
data TXD signal, the output B of the D-type flip-flop 515 
becomes as indicated by character B in Fig. 7. That is, 
when the transmission data TXD is "0", a signal that the 
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"0/1" of the signal B inverts is obtainable. This signal is 
inputted into the same circuit as the section a. Further, 
since at this time the TXSEL switch 1 2 is connected with 
the GND, when the transmission data TXD is U 0 M , a mod- 
ulating signal as indicated by character A in Fig. 7 is 
obtainable from the output terminal A. 
[0051 ] Although this embodiment has been described 
of the case that the PSK modulation is always conduct- 
ed when the transmission data is "0", it is also possible 
that the modulation method (PSK modulation/FSK mod- 
ulation) and modulation timing are respectively switched 
by changing over the PFSEL switch 11 and the TXSEL 
switch 12. 

[0052] As described above, the non-contact type IC 
card according to this embodiment can select either the 
PSK modulation or the FSK modulation, and further can 
switch over the modulation timing for the transmission 
data. Accordingly, it is possible to realize one non-con- 
tact type IC card capable of suiting a number of data 
communication specifications. 

Third Embodiment 

[0053] Fig. 8 is a block diagram showing an arrange- 
ment of a non-contact type IC card system according to 
an embodiment of this invention. The non-contact type 
IC card system according to this embodiment employs 
either the card 1 0 or 1 0a described in the first or second 
embodiment. 

[0054] The description will be made of the case of us- 
ing the card 10a according to the second embodiment. 
The card 10a is arranged such that the PFSEL switch 
11 and the TXSEL switch 12 of the modulation circuit 51 
are switched to the VDD or the GND in accordance with 
the modulation method taken in the system including the 
card and the modulation timing. Thus, the setting is se- 
lectively made to the PSK modulation or to the FSK 
modulation, and further selectively made to the method 
that the modulation is conducted at the time that the 
"0/1 " of the transmission data inverts or to the method 
that the modulation is always carried out when the trans- 
mission data is "0". 

[0055] When the card 10a matching with the system 
specification comes into the communication-allowable 
distance range for the R/W 2, the transmission and re- 
ception antenna 4 of the card 1 0a receives a radio wave 
from the R/W 2 and the rectifying and voltage control 
circuit 7 develops an operating voltage so that the trans- 
mission and reception of the data starts. In the data 
transmission and reception methods, after the card 10a 
gets the operating voltage, the data transmission is per- 
formed from the R/W 2 to the card 1 0a and the card 1 0a 
decodes and processes the received data and transmits 
the processed result to the R/W 2. 
[0056] Although the description of this embodiment 
has been taken in terms of the case of using the card 
1 0a according to the second embodiment, even if using 
the card 10 according to the first embodiment, the data 



transmission and reception is possible with the similar 
procedure. The card 10 according to the first embodi- 
ment performs only the setting of the modulation meth- 
od, i.e., the selection of one of the PSK modulation and 

5 the FSK modulation. 

[0057] As described above, the non-contact type IC 
card system according to this embodiment can be de- 
signed to select as a modulation method one of the PSK 
modulation and the FSK modulation and also adopted 

10 to change over the modulation timing for the transmis- 
sion data depending upon the kind of card, and hence 
the relationship between the R/W and the card is more 
flexible, which can realize a non-contact type IC card 
system expanded in its application range. 

Fourth Embodiment 

[0058] Fig. 9 is a block diagram showing an arrange- 
ment of a non-contact type IC card system according to 
another embodiment of this invention. In the system ac- 
cording to this embodiment, the antenna means of the 
R/W 2a is divided into an antenna 24 for transmission 
and an anten na 25 for reception so that at the data trans- 
mission to the card 10 or 10a the transmission data is 
modulated in a modulation and demodulation circuit 22 
and transmitted as a radio wave from the transmission 
antenna 24 while at the data reception a radio wave 
transmitted is received through the reception antenna 
25 and then demodulated in the modulation and demod- 
ulation circuit 22. 

[0059] In the procedure of the data transmission and 
reception, according to the modulation method of the 
system, the PFSEL switch 11 of the modulation circuit 
50 or 51 of the card 1 0 or 1 0a as brought to be connected 
with the VDD or the GND (if the system is also equipped 
with the TXSEL switch 12 for switching over the modu- 
lation timing, this switch is also operated), and when the 
card 1 0 or 1 0a enters the communication-allowable dis- 
tance range of the R/W 2a, the transmission and recep- 
tion antenna 4 of the card 10 or 1 0a gets a radio wave 
from the R/W 2a so that the rectifying and voltage control 
circuit 7 produces a VDD voltage (operating voltage) to 
start the transmission and reception of the data. 
[0060] In the data transmission and reception, after 
the operating voltage actuates the card 10 or 10a, the 
data transmission from the R/W 2a to the card 1 0 or 1 0a 
starts to cause the decode and process of the received 
data to be implemented within the card 1 0 or 1 0a, with 
the processed result being transmitted from the card 1 0 
or 10a to the R/W 2a. 

[0061] In the non-contact type IC card system accord- 
ing to this embodiment, the antenna means is divided 
into the transmission antenna and the reception anten- 
na, and consequently two kinds of antenna characteris- 
tics are obtainable for the transmission and reception, 
respectively. The transmission antenna is made to have 
an antenna characteristic which can provide a transmis- 
sion power, while the reception antenna is designed to 
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have an antenna sensitivity accepting a weak radio 
wave, with the result that a non-contact type IC card sys- 
tem can realized which is capable of the data transmis- 
sion and reception conquering a longer communication 
distance. 5 

Fifth Embodiment 

[0062] Fig. 1 0 is a block diagram showing an arrange- 
ment of a non-contact type IC card system according to 
a further embodiment of this invention. In the system ac- 
cording to this embodiment, the data transmission from 
the R/W 2 to the card 1 0 or 1 0a is accomplished on the 
basis of the PSK modulation, whereas the data trans- 
mission from the card 1 0 or 1 0a to the R/W 2 is achieved 
on the basis of the FSK modulation in a state that the 
PFSEL switch 11 of the modulation circuit 50 or 51 is 
connected with the GND. 

[0063] In the procedure for the data transmission and 
reception, the PFSEL switch 11 of the modulation circuit 
50 or 51 is connected with the GND (if the system is also 
provided with the TXSEL switch 12, the switch 12 is 
switched over to match with the system) , and if the card 
10 or 10a comes in the communication-allowable dis- 
tance range of the R/W 2, a radio wave from the R/W 2 
is received through the transmission and reception an- 
tenna 4 of the card 10 or 10a so that the rectifying and 
voltage control circuit 7 creates an operating voltage to 
start the data transmission and reception. 
[0064] After the card 1 0 or 1 0a attains the operating 
voltage, the data transmission from the R/W 2 to the 
card 10 or 10a is done on the basis of the PSK modu- 
lation and the card 1 0 or 1 0a demodulates, decodes and 
processes the received data, before the processed re- 
sult is transmitted from the card 1 0, 1 0a to the R/W 2 on 
the basis of the FSK modulation. 
[0065] In the non-contact type IC card system accord- 
ing to this embodiment, the data transmission from the 
R/W to the card is conducted in accordance with the 
PSK modulation, while the data transmission from the 
card to the R/W is made in accordance with the FSK 
modulation, with the result that there is no need for a 
complicated circuit for the FSK modulation to be incor- 
porated in the card, and when the demodulation circuit 
within the card is designed to agree with the PSK mod- 
ulation, the size-reduction and cost-reduction of the card 
are possible, besides even a radio wave with a higher 
frequency is receivable because the R/W side carries 
out the demodulation with respect to the FSK modula- 
tion. 

Sixth Embodiment 

[0066] Fig. 1 1 is a block diagram showing an arrange- 
ment of a non-contact type IC card system which exe- 
cutes a data transmission method according to an em- 
bodiment of this invention, and Fig. 12 is an illustration 
of waveforms of signals taken at the data transmission 



and reception by the R/W and the card of this system. 
In this embodiment, after the data transmission from the 
R/W 2 to the card 1 0 or 1 0a, the supply of a radio wave 
from the R/W 2 is continued even at the data transmis- 
sion from the card 10 or 10a to the R/W 2 so that the 
operating voltage (VDD) within the card 10 or 10a is al- 
ways stable. 

[0067] The particular difference of the Fig. 11 system 
from the aforementioned embodiments is that a pro- 
gram stored in a control section 23a of the R/W 2 or in 
a host computer 3a executes the operations to be de- 
scribed later. 

[0068] In operation, the PFSEL switch 11 of the mod- 
ulation circuit 50 or 51 of the card 1 0 or 1 0a is connected 
with, for example, the VDD side (if the system is also 
equipped with the TXSEL switch 12, at the same time 
the switch is operated in accordance with the system), 
so that the data transmission and reception is accom- 
plished on the PSK modulation. For the data transmis- 
sion and reception between the R/W 2 and the card 1 0 
or 1 0a, first the transmission and reception antenna 21 
of the R/W 2 begins to transmit a radio wave. The card 
1 0 or 1 0a receives the radio wave through its transmis- 
sion and reception antenna 4, which radio wave is rec- 
tified in the rectifying and voltage control circuit 7. The 
rectifying and voltage control circuit 7 also develops the 
operating voltage VDD. This term constitutes the VDD 
rise time period in Fig. 12. 

[0069] When the operating voltage VDD comes up to 
5V, the card 1 0 or 1 0a and the R/W 2 get into the data 
transmission and reception allowable conditions, and 
hence the data transmission period from the R/W 2 to 
the card 1 0 or 1 0a starts. In accordance with the instruc- 
tion from the host computer 3a, in the R/W 2 the control 
section 23a modulates the data using the modulation 
and demodulation circuit 22 and further transmits the 
data using the transmission and reception antenna 21 . 
This data is received by the transmission and reception 
antenna 4 within the card 1 0 or 1 0a. 
[0070] In Fig. 12, at the points A and B for the modu- 
lation in the R/W 2, the resonance circuit of the trans- 
mission and reception antenna 4 of the card 10 or 10a 
side also has deformed or distorted waveforms at points 
C and D. That data undergoes the demodulation in the 
demodulation circuit 6 and further the process in the 
control section 8, whereby the data transmission from 
the R/W 2 to the card 1 0 or 1 0a takes place. 
[0071] Subsequently, the data transmission period 
from the card 1 0 or 1 0a to the R/W 2 starts. In this em- 
bodiment, even after the completion of the data trans-, 
mission from the R/W 2 to the card 10 or 10a, the data 
transmission from the card 10 or 10a to the R/W 2 is 
conducted while the supply of the signal (radio wave) to 
the card 1 0 or 1 0a continues, and hence the control sec- 
tion 23a of the R/W 2 continues to emit the radio wave 
from the transmission and reception antenna 21 . 
[0072] In this state, the control section 8 of the card 
1 0 or 1 0a sends the transmission data to the modulation 
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circuit 50 or 51 in accordance with the processed result 
of the received data from the R/W 2 in order to imple- 
ment the PSK modulation in the modulation circuit 50 or 
51 . This is shown at the points E and F in Fig. 1 2. Since 
the resonance circuit of the transmission and reception 
antenna 21 of the R/W 2 continuously issues the signal, 
when the card 10 or 10a side modulates the data, the 
waveform is expanded as shown at the points G And H 
in Fig. 12, which allows the judgment on the fact that the 
data has been subjected to the modulation. 
[0073] Subsequently, the modulation and demodula- 
tion circuit 22 demodulates this waveform and supplies 
the control section 23a with the demodulated waveform 
which in turn, is fed to the host computer 3a. Thereafter, 
the data transmission and reception is completed with 
the repeated data transmission from the R/W 2 to the 
card 1 0 or 1 0a and data transmission from the card 1 0 
or 10a to the R/W 2. 

[0074] Although the description of the above embod- 
iment has been made of the PSK modulation, the data 
transmission on the FSK modulation is similarly worka- 
ble. 

[0075] In the data transmission method according to 
this embodiment, after the data transmission from the 
R/W to the card, even during the data transmission from 
the card to the R/W, the supply of the radio wave con- 
tinuously occurs, and therefore, the operating voltage 
VDD is always stable and the continuous data transmis- 
sion and reception is possible, thus realizing a data 
transmission method capable of a high-speed data com- 
munication with a high reliability. 

Seventh Embodiment 

[0076] Fig. 1 3 is a block diagram showing an arrange- 
ment of a non-contact type IC card system for carrying 
out a data transmission method according to a different 
embodiment of this invention, and Fig. 14 is an illustra- 
tion of waveforms of signals at data transmission and 
reception between the R/W and the card in this system. 
In this embodiment, in the R/W 2, the resonance of the 
resonance circuit continues at the data transmission 
from the R/W 2 to the card 1 0 or 1 0a, while the supply 
of the radio wave stops at the data transmission from 
the card 1 0 or 1 0a to the R/W 2, with the resu It that even 
a weak radio wave from the card 1 0 or 1 0a to the R/W 
2 becomes easily receivable in the R/W 2 side. 
[0077] If a weak radio wave is tried to be received from 
the card 1 0 or 1 0a in a state that a strong transmission 
power from the R/W 2 is in supply, the weak radio wave 
is subject to be absorbed into the strong radio wave for 
the transmission from the R/W 2 to the card 10 or 10a 
so that difficulty is encountered to discriminate or distin- 
guish the weak radio wave. 

[0078] The difference of the Fig. 13 system from the 
above-described embodiments is that a program built in 
the control section 23b of the R/W 2 or a host computer 
3a implements the operation which will be described be- 



low. 

[0079] In operation, the PFSEL switch 11 of the mod- 
ulation circuit 50 or 51 of the card 10 or 10a is coupled 
to, for example, the VDD side (if the system is also pro- 
5 vided with the TXSEL switch 12, at the same time the 
switch is changed over in accordance with the system), 
so that the data transmission and reception is imple- 
mented on the basis of the PSK modulation. The data 
transmission and reception between the R/W 2 and the 
card 10 or 10a starts with the transmission of a radio 
wave from the transmission and reception antenna 21 
of the R/W 2. In the card 10 or 10a, the transmission 
and reception antenna 4 receives that radio wave and 
the rectifying and voltage control circuit 7 rectifies it to 
produce the operating voltage VDD. This is accom- 
plished during the VDD rise period in Fig. 14. 
[0080] When the operating voltage VDD reaches 5V, 
the card 10 or 10a and the R/W 2 gent into the data 
transmission allowable condition, and the data trans- 
mission period from the R/W 2 to the card 10 or 10a 
starts. In accordance with the instruction from the host 
computer 3b, in the R/W 2 the control section 23b mod- 
ulates the data in the modulation and demodulation cir- 
cuit 22 and sends the modulated data through the trans- 
mission and reception antenna 21 . This data is received 
through the transmission and reception antenna 4 of the 
card 10 or 10a. 

[0081] In Fig. 14, at the points A and B for the modu- 
lation in the R/W 2, the resonance circuit of the trans- 
mission and reception antenna 4 of the card 10 or 10a 
side also has deformed or distorted waveforms at points 
C and D. That data is subjected to the demodulation in 
the demodulation circuit 6 and further subjected to the 
process in the control section 8, whereby the data trans- 
mission from the R/W 2 to the card 10 or 10a takes 
place. 

[0082] Subsequently, the data transmission period 
from the card 10 or 10a to the R/W 2 starts. In this em- 
bodiment, after the completion of the data transmission 
from the R/W 2 to the card 1 0 or 1 0a, the supply of the 
signal (radio wave) to the card 10 or 10a stops, while 
the data transmission from the card 1 0 or 1 0a to the R/ 
W 2 is carried out. Accordingly, the operating voltage 
VDD in the card 10 or 10a starts to decrease from 5V. 
In addition, the resonance attenuation of the resonance 
circuit of the card 10 or 10a begins. 
[0083] In this embodiment, in this attenuation state 
the data transmission is conducted from the card 10 or 
1 0a to the R/W 2. For example, until the operating volt- 
age VDD attenuates from 5V up to 2.5V, the data trans- 
mission from the card 1 0 or 1 0a to the R/W 2 completes . 
In this attenuation term, the control section 8 of the card 
10 or 10a supplies the transmission data to the modu- 
lation circuit 50 or 51 to carry out the PSK modulation 
therein. This is shown at the points I and J in Fig. 14. 
The resonance circuit of the transmission and reception 
antenna 21 of the R/W 2 also stops the signal supply 
and receives the modulated data during the attenuating 
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oscillation, whereby the waveform Is distorted as shown 
at the points K and L in Fig. 14. From this, the R/W 2 
determines the fact that the data has undergone the 
modulation. 

[0084] Furthermore, this waveform is demodulated in 
the modulation and demodulation circuit 22 and then in- 
putted into the control section 23b, before being sup- 
plied to the host computer 3b. In this system, in a case 
where, after the completion of one data transmission 
and reception, the data transmission and reception is 
again carried out, the operation restarts from the VDD 
rise period due to the supply from the R/W 2 to the card 
10 or 10a, and the data transmission and reception is 
re-performed after the operating voltage VDD in the card 
10 or 10a is set to 5V. 

[0085] Although the description of this embodiment 
has been made in terms of the PSK modulation, the data 
transmission on the FSK modulation is possible in the 
same manner. 

[0086] The data transmission according to this em- 
bodiment is particularly effective in the case that, since 
the distance between the card and the R/W is long, the 
data transmission power from the R/W needs to be 
strong, and the transmission power from the card is 
weak because of the long distance. The transmission 
power from the R/W is stopped at the time of the trans* 
mission from the card to the R/W conducted after the 
completion of the transmission from the R/W to the card, 
by which a data transmission method can be realized 
which is capable of facilitating the reception of a weak 
radio wave from the card side in the R/W side. 
[0087] It should be understood that the foregoing re- 
lates to only preferred embodiments of the present in- 
vention, and that it is intended to cover all changes and 
modifications of the embodiments of the invention here- 
in used for the purposes of the disclosure, which do not 
constitute departures from the spirit and scope of the 
invention. 

[0088] A non-contact type IC card with a simplified cir- 
cuit arrangement which can select one of the PSK- and 
FSK-modulatlons at data transmission. A resonance 
frequency switching section 40 is provided to halve the 
resonance frequency of a transmission and reception 
antenna 4. In the case of the PSK-modulation, the res- 
onance frequency of the transmission and reception an- 
tenna 4 is made to become 1/2 during one period of the 
original frequency at a modulation point so that the 
phase inverts for the phase modulation. On the other 
hand, in thecase of the FSK modulation, for the frequen- 
cy modulation the frequency is switched over in accord- 
ance with the variation of the data. A PFSEL switch 1 1 
carries out the switching between both the modulations. 
[0089] There is proposed a data transmission method 
for a non-contact type IG card system comprising a non- 
contact type IC card including a rectifying and voltage 
control circuit for rectifying an alternating current ob- 
tained through an antenna means to attain a desired op- 
erating voltage and performing PSK-and FSK-modula- 



tions, and further comprising a reader writer for perform- 
ing transmission and reception of data to and from said 
IC card, wherein said operating voltage is made stable 
in said IC card in such a way that, after data transmission 
5 from said reader writer to said IC card, the supply of a 
radio wave from said reader writer to said IC card is con- 
tinuously conducted while data transmission from said 
IC card to said reader writer continues. 



1 . A data transmission method for a non-contact type 
IC card system comprising a non-contact type IC 

15 card including a rectifying and voltage control circuit 
for rectifying an alternating current obtained 
through an antenna means to attain a desired op- 
erating voltage and performing PSK- and FSK-mod- 
ulations, and further comprising a reader writer for 
20 performing transmission and reception of data to 
and from said IC card, 

wherein said operating voltage is made stable 
in said IC card in such a way that, after data trans- 
mission from said reader writer to said IC card, the 
25 supply of a radio wave from said reader writer to 
said IC card is continuously conducted while data 
transmission from said IC card to said reader writer 
continues. 

2. A data transmission method for a non-contact type 
IC card system comprising a non-contact type IC 
card performing PSK- and FSK-modulations and a 
reader writer for performing transmission and re- 
ception of data to and from said IC card, 

wherein said reader writer is made to easily 
receive a weak radio wave from said IC card in such 
a way that the supply of a radio wave from said read- 
er writer to said IC card stops after the completion 
of data transmission from said reader writer to said 
IC card. 
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